Abstract. The identification of the shape of the bubble trajectory is crucial for understanding the mechanism of bubble motion in liquid. In the paper it has been presented the technique of 3D bubble trajectory reconstruction using a single high speed camera and the system of mirrors. In the experiment a glass tank filled with distilled water was used. The nozzle through which the bubbles were generated was placed in the centre of the tank. The movement of the bubbles was recorded with a high speed camera, the Phantom v1610 at a 600 fps. The techniques of image analysis has been applied to determine the coordinates of mass centre of each bubble image. The 3D trajectory of bubble can be obtained by using triangulation methods. In the paper the measurement error of imaging computer tomography has been estimated. The maximum measurement error was equal to ±0,65 [mm]. Trajectories of subsequently departing bubbles were visualized.
Introduction
With the increase of the bubbles diameter the shapes of bubbles paths change [1] . The shapes of bubble paths are also modified by hydrodynamic interactions between bubbles. The rectilinear path appears when the bubble diameter < 0.81 [mm] , the bubble zigzag motion is observed when bubble diameter is 0.81-0.88 [mm] and a bubble spiral motion appears for bubble diameter greater than 1.10 [mm] [2] . Many invasive and non-invasive methods have been presented in the former articles [3] [4] [5] [6] . The most interesting ones were: tomography [3] , ultrasonic measurement [4] , high speed photography [5] , PIV system [6] . In the papers [1] [2] [3] [4] [5] [6] the trajectory of single bubble were reconstructed.
The main aim of the present paper was to assess the suitability of the imaging computer tomography method for determining the 3D gas bubble trajectory in liquid. It has been analysed the trajectory of subsequently departing bubbles.
It has been used the system of mirrors (proposed by C.D. Ohl, A. Tijink and A. Prosperetti [7] ) and a single high speed camera. Recorded images have been processed using the following methods: the noise reduction, the image smoothing and the edge detection. The obtained bubble contour was filled with white pixels, and the position of the centre of area of bubble images was calculated. The triangulation transformations were used for calculation of 3D bubble coordinates. The measurement error has been estimated.
Experimental setup and data analysis
The experiment was conducted in a glass tank (300 x 150 x 500 mm) filled with distilled water. Figure 1 
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Through an air valve the air was delivered to a flow meter. This way the air was provided into a brass nozzle with an internal diameter of 1.1 mm and 7 mm in length placed in the centre of the tank bottom. The video was recorded with a high speed camera Phantom v1610 with 600 fps. The glass tank was illuminated from both sides by LED panels. To disperse the light the "milk" glass was used. A three mirror system was used which gave the possibility to obtain two different projections of the same scene on the one single frame recorded with the camera. For this purpose two flat mirrors were placed on the sides of the glass tank. The reflected projections were focused by the rectangular third mirror.
The image analysis has been prepared by a computer program with using the OpenCV library. The frames were blurred and the noise reduced. For this purpose a median filter was used. The Canny edge filter has been used for bubble edge detection. The edge finding process started from the convolution between the non-noise image with two 3x3 matrixes in order to determine the intensity gradient of the image. The used matrixes were [8] :
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Next two thresholds (upper and lower) are setup. When the pixels brightness is below the lower threshold, the pixel is not considered. When the brightness is higher than the upper threshold, the pixel is treated as belonging to the edge. When the pixel brightness is between the upper and the lower threshold, the pixel is treated as belonging to the edge when at least one of its neighbours belongs to the edge.
The reconstruction of the bubble trajectory required the finding of the centre of area of a bubble images in each frame. The position of the centre of bubble area is defined as follows:
where: x c -centre of area in the x axis; y c -centre of mass in the y axis; S x , S y -moment of inertia corresponding to the x and y axes, respectively; A-figure surface area.
The obtained bubble contour was filled with white pixels and the position of the centre of area of bubble images was calculated. For determining the bubble displacements the Kalman filter was used [9] . The bubble location was sought by means of ROI (Region of Interest), which moved simultaneously with the gas bubble.
In Figure 2 it has been presented the subsequent steps of image processing. Figure 2a shows the recorded image after the blurring and noise reduction (1-left projection, 2-right projection). Figure 2b is the result of the Canny edge filter, Figure 2c presents the ROI and a completely filled contour. Figure 2d 
Triangulation
The bubble coordinates in the coordinates system which origin is located in the nozzle outlet have been calculated according the following formulas: 
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Conclusion
In this paper the imaging computer tomography method for the gas bubble has been applied. 
